INTRODUCTION
Survival among preterm infants has increased steadily. Media outlets are replete with reports of 'miraculous' survival of extremely small preterm infants, much of which poorly informs the realites of survival and risk of morbidity. 1 Although clear data on outcomes and risk of mortality are required in order to make appropriate shared decisions about the care of these patients, there is relatively little population-based data on the mortality and morbidity associated with being born extremely small or extremely small for gestational age (SGA). The data that are available suggest that mortality rates are very high and that the majority of the deaths in this group occurred in the delivery room. 2 In California, the California Perinatal Quality Care Collaborative (CPQCC) is a group of 132 public and private member hospitals, including all the California Children's Services-approved Intermediate, Community and Regional level neonatal intensive care units (NICU). The CPQCC collects data on infants born weighing o1500 g at birth from its member institutions using standardized reporting forms and definitions and receives data for 490% of such births in California. As such, the CPQCC has proven to be a valuable tool to audit and improve care of preterm babies in California and provides a broad and rich data set to inform medical and parental decision making for these high-risk infants. [3] [4] [5] [6] The current study was a retrospective database review of births o 32 weeks gestation and o 1500 g birth weight reported to the CPQCC between 2005 and 2012. Profoundly SGA (ProSGA, birth weight o 1st centile for age) and profoundly low birth weight (ProLBW, birth weight 300 to 500 g) subjects were identified, and comparisons were made between the ProSGA infants and appropriate for gestational age infants (AGA, 5 th to 95th weight centile at birth) and between ProLBW and very low birth weight (VLBW) infants (birth weight 501 to 1500 g).
We hypothesized that survival would be significantly lower in ProLBW and ProSGA infants, even after correction for identifiable risk factors, and that the majority of mortality in these groups would occur early in the hospital course.
METHODS

Database management
Data were extracted from the CPQCC database for the years 2005 to 2012 inclusive. During the study period, member institutions reported data on all infants with birth weight between 400 and 1500 g, or gestational age 22 0/7 weeks to 29 6/7 weeks, using the standardized reporting forms and definitions.
Data were extracted from the database in May 2014 and limited to subjects whose gestational age at birth was 154 days (22 weeks 0 days) to 224 days (32 weeks 0 days), whose birth weight was between 300 g and Definitions Demographic variables. Birth and discharge weights were converted to age-specific Z-scores (s.d. scores) based on the published LMS (lamda, mu, sigma) data 7 for the 1993 Fenton growth reference 8 as described elsewhere. 9 Z-scores were only calculated for ages between 22 and 50 weeks gestation.
ProSGA infants were defined as those with a birth weight for gestational age less than the first centile (Zo − 2.326) and AGA infants as those with a birth weight for age between the 5th and 95th centile (Z-score − 1.645 to +1.645). ProLBW infants were defined as those with a birth weight between 300 and 500 g and VLBW infants as those with birth weight 501 to 1500 g.
Premature rupture of the membrane (ROM) was defined as ROM before the onset of labor, and prolonged ROM as ROM for 418 h. Data were also collected on whether any antenatal steroids were given prior to delivery, whether group B streptococcal screening was positive and whether there had been an antenatal or obstetric bleed (including an abruption or placenta previa). Maternal diagnoses recorded included hypertensive disorders (including pregnancy induced hypertension), diabetes mellitus, chorioamnionitis and the presence of multiple gestations (twin or greater). Mode of delivery (non-instrumental vaginal, instrumental vaginal or cesarean) and Apgar scores at 1, 5 and 10 min were recorded. Apgar scores were analyzed both for the entire data set and restricted to infants who were admitted alive from Labor and Delivery (L&D).
Outcomes. Mortality rates were calculated at three distinct times:
prior to admission to the NICU from L&D, before 12 h of age, and before discharge;
and for the intervals between them: between birth and admission to the NICU, between admission from L&D and 12 h, between 12 h and final discharge home.
Mortality data were examined for each 100 g cohort (300 to 400 g, 401 to 500 g, 501 to 600 g and so on) individually. Within each cohort, mortality at different time periods was expressed as a percentage of all the recorded births and as a percentage of all the recorded deaths.
Neurological outcomes available included the highest documented grade of intraventricular hemorrhage, the presence of periventricular leukomalacia on ultrasound and whether a ventriculoperitoneal shunt had been inserted. Severe intraventricular hemorrhages were defined as those of grade ⩾ 3.
Gastrointestinal outcomes examined included necrotizing enterocolitis (NEC), NEC requiring surgical intervention, and isolated gastrointestinal perforations.
The highest grade of retinopathy of prematurity was recorded as was the need for surgical treatment or treatment with vascular endothelial growth factor inhibitor. Severe retinopathy of prematurity was defined as stage ⩾ 3.
Sepsis was classified as early (before 3 days of age) or late (after 3 days of life). Late sepsis was subdivided into episodes with a bacterial or fungal pathogen.
Chronic lung disease was defined as a need for continuous or intermittent oxygen at 36 week-corrected gestational age.
Growth outcomes were assessed using the change in weight Z-score between birth and hospital discharge (as a continuous variable) and as the proportion of subjects whose weight Z-score fell by 40.67 Z-scores (equivalent to a change of 1 centile line on most infant growth charts) or by 41.0 Z-nit. Analysis of growth outcomes was restricted to subjects who were discharged home alive.
The use of composite outcomes (for example, death or NEC) was avoided as they can combine outcomes with different etiologies and risk factors. However, data for 'survival without major morbidity' are presented and defined as survival without chronic lung disease, without surgical NEC, without surgery for gastrointestinal perforation, without grade 3 or 4 intraventricular hemorrhage, without periventricular leukomalacia, without ventriculoperitoneal shunt insertion and without surgery or vascular endothelial growth factor inhibitor treatment for retinopathy of prematurity. Early and late sepsis and medical NEC were not part of this diagnosis.
Statistical methods
Two principle comparisons were made: (1) between ProSGA (birth weighto1st centile for age) and AGA (birth weight 5th to 95th centile for age) infants and (2) between ProLBW (birth weight 300 to 500 g) and VLBW infants (birth weight 501-1500g).
Descriptive statistics for groups are given as mean (95% confidence interval (95% CI)) for continuous variables and as percentage (95% CI) for nominal variables. Nominal variables were compared using likelihood ratio chi-squared test, and continuous variables were compared by analysis of variance.
The odds of specific nominal outcomes between groups were compared using a series of logistic regression models and expressed as an odds ratio (OR) and 95% CI. Unadjusted ORs were calculated (model no. 1) as were ORs adjusted for antenatal factors (gender, use of antenatal steroids, delivery mode (C/section or not) and multiple gestation) and gestational age (model no. 2); for antenatal factors and birth weight (for ProSGA vs AGA infants) or birth weight Z-score (for ProLBW vs extremely LBW (VLBW) infants) (model no. 3); and for antenatal factors, gestational age and birth weight (for ProSGA vs AGA infants) or birth weight Z-score (for ProLBW vs VLBW infants) (model no. 4).
Within each group (ProSGA, AGA, ProLBW, VLBW and the entire cohort), potential factors affecting the chance of survival to hospital discharge were assessed using logistic regression. Potential explanatory factors were gender, gestational age, birth weight, birth weight Z-score, use of antenatal steroids, delivery by cesarean section and multiple gestation. All analyses were conducted using JMP Pro 11.0.0 (SAS Institute, Cary, NC, USA). A P-value o0.05 was taken as statistically significant. The mortality rate for the entire cohort was 16.4% (95% CI 16.0 to 16.7%). In all, 5.1% of infants (95% CI 4.9 to 5.3%) died in L&D and were not admitted to the NICU, while 6.8% (95% CI 6.5 to 7.0%) died before 12 h of age.
RESULTS
Data
Mortality decreased rapidly with increasing birth weight ( Figure 1 ) and was o50% once birth weight 4600 g. Odds of mortality were significantly lower in those receiving antenatal steroids (OR 0.39 (95% CI 0.37 to 0.42), P o 0.0001), those delivered by cesarean section (0.76 (95% CI 0.71 to 0.82), P o 0.0001) and in those of greater birth weight (Po 0.0001), greater gestational age (P o 0.0001) and greater birth weight Z-score (P o 0.0001). Mortality rates (expressed as a percentage of all births) prior to hospital admission, by 12 h or age and after 12 h of age for different birth weight strata.
In the smallest infants, most mortality occurred before 12 h of age ( Figure 2 ). For infants weighing o 600 g, half of the total mortality occurred prior to 12 h of age, and this decreased to about 25% for infants weighing 1000 g at birth. In larger infants (41000 g at birth), the relative contribution of early deaths increased as the amount of early deaths reached a plateau but later deaths continued to decrease.
Antenatal factors ProSGA infants. Data for 648 infants born below the first centile of weight for age were compared with 24 670 infants born between the 5th and the 95th weight for age centile. ProSGA infants weighed less than half the weight of the AGA infants and were born 421 days earlier (Table 1 ). All the ProSGA infants weighed o 500 g (range 300 to 455 g).
Mothers of ProSGA infants were significantly more likely to be diagnosed with hypertensive disorders and significantly less likely to be diagnosed with diabetes. ProSGA infants were significantly less likely to have prolonged ROM, less likely to be group B streptococci positive and less likely to have fetal distress or be delivered by cesarean section. They were also significantly less likely to receive antenatal corticosteroids (Table 1) .
ProLBW infants. Data for 1824 ProLBW infants (birth weight 300 to 500 g) were compared with 42 164 VLBW infants (birth weight 501 to 1500 g). Two hundred and fifty-nine of the ProLBW infants weighed between 300 and 400 g (14.1%), while 1565 (85.9%) weighed between 401 and 500 g at birth. In all, 35% (648) infants were both ProSGA and ProLBW, and 65% were ProLBW but not ProSGA.
ProLBW were much more likely to be SGA than VLBW infants (100% vs 4.4%) and more likely to be born preterm (Table 1) . Prolonged ROM was less likely in ProLBW than VLBW, and they were less likely to receive antenatal steroids or to be delivered by cesarean section.
Delivery factors Apgar scores at 1, 5 and 10 min were significantly lower in the ProSGA and ProLBW infants than in the AGA or VLBW comparison groups ( Table 1 ). The differences were less marked when the analyses were restricted to infants who were admitted alive from L&D and were more similar between groups at 5 and 10 min of age than at 1 min of age.
Neonatal outcomes ProSGA and ProLBW infants were discharged home at similar, or lower, mean weights than their AGA and VLBW peers. However, their average length of stay was significantly longer, and they were discharged at a significantly older corrected gestational age (Table 2 ).
Mortality. The unadjusted incidence (Table 2 ) and odds (Table 3) of mortality were significantly increased in the ProSGA infants compared with the AGA infants and in the ProLBW infants compared with the VLBW infants. The odds of mortality were most Among those who survived to discharge.
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increased prior to admission to the NICU but remained elevated between admission and 12 h of life and after 12 h of life.
Correcting for obstetric factors had little effect on the odds of death (Table 3) . Correcting for differences in gestational age reduced the excess odds of mortality, and correcting for both gestational age and for body size (either birth weight or birth weight Z-score) reduced it further.
However, mortality remained significantly higher in the ProSGA and ProLBW groups even after correcting for obstetric factors, gestational age and birth size (either birth weight or birth weight Z-score; Table 3 ).
At birth weights o 601 g, mortality rates exceeded 50% (Figure 1 ) and more than half of the mortality occurred before 12 h of age (Figure 2) . Above birth weights of 900 to 1000 g, the mortality rate before NICU admission stabilized, but later mortality continued to fall (Figure 1 ), leading to a greater proportion of deaths occurring early in the hospital course (Figure 2) .
Even among the ProLBW infants, mortality was related to birth weight and was significantly higher for infants weighing 300 to 400 g (84.0%, 91% CI 80.0 to 88.0%) than for those weighing 401 to 500 g (78%, 95% CI 76.5 to 77.3%, Po 0.0001) at birth.
Growth. ProSGA and ProLBW infants were at significantly increased risk of being discharged home below the 5th or 10th weight for age centile (Tables 2 and 3 ) than AGA or VLBW infants. These odds were further increased after correcting for antenatal factors. They remained elevated even when accounting for gestational age, body size or both.
When in-hospital growth was expressed by the difference in weight for age Z-score at birth and at discharge, the unadjusted incidence and odds of poor growth (a fall in weight Z-score of either ⩾ 0.67 or ⩾ 1.0) was significantly lower in ProSGA and ProLBW infants than in AGA or VLBW. This is presumably due to regression to the mean as random factors are more likely to move extreme outliers closer to the mean, than further away. Once body size variables (birth weight or birth weight Z-score) were accounted for, poor growth was significantly more likely in ProSGA and ProLBW infants than in AGA or VLBW.
Neonatal morbidities. Many neonatal morbidities were more common in ProSGA or ProLBW infants than in the AGA or VLBW comparison groups (Table 3 ). In some cases (for example, later bacterial or fungal sepsis), this effect was lost after correcting for obstetric factors, gestational age and birth weight/birth weight Z-score, suggesting that these identifiable factors explained the observed differences in risk. In other instances (for example, periventricular leukomalacia), risk was lower in ProSGA or ProLBW infants than in the AGA or VLBW comparison groups following correcting for obstetric factors, gestational age and birth weight/ birth weight Z-score. In other words, the increased risk in ProSGA and ProLBW was less than would have been expected based on these risk factors.
Predictors of survival to discharge home Survival to discharge home was significantly greater in infants of older gestational age, higher birth weight and higher birth weight Z-score. Survival was also greater in infants who received antenatal steroids, those who were delivered by cesarean section and in singletons. The effect of C/section on mortality was limited to before 12 h of age, and the effect of multiple gestation on mortality was limited to deaths prior to 12 h of age (Table 4) .
Among ProSGA and ProLBW babies, overall mortality was higher in those receiving antenatal steroids, those delivered by C/section and in singletons and lower in those of higher gestational age. The effect of birth weight (or birth weight Z-score) was not significant within the cohorts of ProSGA or ProLBW infants but was significant for the entire cohort. Females had a significantly higher chance of survival in the entire cohort but not in the subsets of ProSGA or ProLBW infants. The beneficial effect of C/section was seen on mortality in L&D and mortality prior to 12 h of age but not in mortality after 12 h of age (Table 4) . Conversely, the beneficial effect of singleton delivery on mortality was only seen after 12 h of age and not in mortality in L&D or prior to 12 h of age.
Survival without substantial morbidity Survival without substantial morbidity increased with increasing birth weight (Figure 3 ) but did not exceed 50% until birth weight exceeded 1 kg.
DISCUSSION
Infants born below the first centile for age or o 500 g birth weight are rare, making prognostication about their outcomes difficult. However, 4300 such babies are born in California each year, providing an opportunity to study their outcomes in this population-based cohort.
ProSGA and ProLBW were markedly different in their antenatal risk factors to AGA and VLBW infants. In addition to being smaller and more growth restricted than other VLBW infants, the ProSGA and ProLBW infants were significantly less likely to receive antenatal steroids and significantly less likely to be delivered by cesarean section. The nature of the retrospective data collection does not allow identification of the reasons for these difference in prenatal management, but it may reflect a belief that such interventions were unlikely to benefit infants with such poor chances of survival. Similarly, the decreased incidence of prolonged ROM (despite a similar rate of preterm ROM) may suggest that attempts to delay delivery (for example, to allow steroids to be given) were less likely to be carried out in ProSGA and ProLBW infants. The lower rate of fetal distress in ProSGA and ProLBW than in other VLBW infants may also reflect more extensive attempts to delay delivery in VLBW infants.
Despite the lower rates of fetal distress, Apgar scores were significantly reduced in ProSGA and ProLBW infants. This was mirrored by very high mortality in those infants prior to NICU admission. Approximately 21% of infants weighing 300 to 500 g at birth survived to hospital discharge, similar to the 17% report by Lucey et al. 2 for infants of birth weight 400 to 500 g in the late 1990s.
Over half of the ProSGA and ProLBW die before NICU admission, compared with only 3% of AGA or VLBW infants. This is similar to previous reports. Data from the Vermont Oxford Network from the 1990s showed that 52% of infants of birth weight 400 to 500 g died in the delivery room. 2 In a European study, mortality in L&D was 100% for 22 weeks gestation infants, 80% at 23 weeks gestation and 36% at 24 weeks gestation, and the majority (89%) of the deaths in L&D among these infants was due to a decision to withdraw or limit care. 10 These deaths are the lowest when mothers are transferred to a higher level of care before delivery, 11 perhaps because the transfer is a marker for an increased aggressiveness in providing vigorous prenatal and postnatal care to these infants.
In our study, ProSGA and ProLBW infants continued to be at elevated risk of death after NICU admission compared with AGA VLBW infants. However, the majority of deaths in AGA and VLBW infants occur after 12 h of age, and the majority of deaths in ProSGA and ProLBW infants occur before 12 h of age.
Mortality, poor growth and many neonatal morbidities were more common in ProSGA and ProLBW than in AGA and VLBW infants. Some of these poorer outcomes were completely explainable by difference in antenatal risk factors, gestational age and body size at birth, whereas some were not. For example, the odds of death were increased 30-fold in ProSGA infants and 24-fold in ProLBW. Even after accounting for differences in antenatal risk factors, gestational age and birth size, odds of mortality was 4-fold higher in ProSGA infants and 3.4-fold higher in ProLBW. In contrast, for example, the increase in late fungal sepsis in ProSGA and ProLBW infants was not seen after correcting for gestational age and birth size. Finally, the increased risk of gastrointestinal perforation in ProSGA and ProLBW infants was reversed after correcting for gestation age and birth weight. The increased risk of gastrointestinal perforation was, therefore, less than would be predicted based on differences in gestational age and birth size. In crude unadjusted analysis, the rate of postnatal growth failure (a fall in weight Z-score during admission 40.67 or 41.0) was lower in ProSGA and ProLBW infants. This result is presumably due to greater regression to the mean in groups whose initial weight Z-score is further from the mean (ProSGA and ProLBW) than in groups whose initial weight Z-score is closer to the mean (AGA and VLBW). This is supported by the analysis showing that rates of postnatal growth failure were higher in ProLBW and ProSGA infants after correcting for birth weight or birth weight Z-score.
When the factors affecting survival were examined using logistic regression model, survival among the entire cohort was significantly higher in females, older gestational age, larger birth weight and larger birth weight Z-score, those who received antenatal steroids, those delivered by cesarean section and in singletons. Similar factors have been shown to be associated with survival in a separate prospective analysis of CPQCC data from 2005 to 2008 for infants of gestational age 22 to 25 weeks. 6 Our data suggest that being a singleton was associated with improved rates of survival compared with multiple gestation, consistent with previous CPQCC data. 6 However, this effect was limited to mortality after 12 h of age.
Males are at increased risk of mortality than females, and this has also been previously reported for infants o 500 g at birth, 2 or o25 weeks gestation 6 . Although we were able to demonstrate improved survival in females for the entire cohort, we did not see a significant effect for the ProLBW or ProSGA infants alone.
Antenatal steroids are known to be associated with improved survival in preterm infants, although there are relatively few data for the smallest and most preterm infants. 12, 13 Our data and previous CPQCC data suggest that the benefit seen in younger and smaller infants is similar to that seen in their larger and more mature peers. 6 Data on the effect of cesarean section of survival of preterm infants are contradictory. 14, 15 However, data on 401 to 500 g infants suggests that those born by vaginal delivery are more likely to die in L&D and are less likely to survive to discharge. 2 These results are consistent with our study, where the effect of cesarean section on survival was most significant prior to NICU admission, less significant between NICU admission and 12 h of age and had no significant effect after 12 h of age. It is interesting to note the positive associations of cesarean section delivery and antenatal steroids on survival, even in the ProSGA and ProLBW infants, especially as they were much less likely to receive these interventions than the AGA or VLBW infants. These associations should be treated cautiously, as causality cannot be assumed. Administration of antenatal steroids to these highest risk infants and willingness to deliver by cesarean section may be the markers for centers with more aggressive approaches to the prenatal and antenatal management of these infants. Conversely, centers that do not give antenatal steroids or deliver these infants by cesarean section may be less aggressive in delivery room resuscitation or more likely to limit or withdraw care subsequent to NICU admission. Given the low survival rates, and lower rates of survival without substantial morbidity in these infants, parents and care givers must balance any possible improvements in neonatal outcomes with the increased risk exposure for mothers.
